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The neutral histidine-rich polyi>eptide (HRP) from 
human parotid secretion was isolated by ion-exchange 
and gel- filtration chromatography. The complete 
amino acid sequence determined by automated Edman 
degradation of the protein» tryptic and Staphylococcua 
aureus V8 protease peptides, and digestion with car- 
boxypeptidase A is: 

1 5 10 

NHa-Asp-Pse-His-Glu-Lys-Arg-His-His-Gly-Tyr-Arg-Arg- 

15 20 25 

Lys-Phe-His-Glu-Lys-His-HiB-Ser-His-Arg-Glu-Phe-Pro- 

30 35 
Phe-Tyr-Gly-Asp-Tyr-Gly-Ser-Asn-Tyr-Leu-Tyr-Asp-Asn- 

COOH. 

where Pse represents phosphoserine. 

The polypeptide contains 38 residues and has M, 
4929. The charged amino acids predominate with 7 
histidine, 4 arginine, 3 lysine, 3 aspartic acid, 3 glu- 
tamic acid residues, and 1 phosphoserine. Assuming 
minimal charge contributions from histidine and one 
negative charge from phosphoserine at pH 7, the net 
charge of HRP is balanced by an equal contribution of 
basic and acidic residues. Furthermore, the distribu- 
tion of hydrophilic and hydrophobic residues along the 
polypeptide chain indicates that there is no structural 
polarity. The polypeptide lacks threonine, alanine, va- 
line, cysteine, methionine, and isoleucine. HRP did not 
display sequence similarity with any protein sequence 
in the National Biomedical Research Foundation Data 
Bank. 

HRP is an active inhibitor of hydroxyapatite crystal 
growth from solutions supersaturated with respect to 
calcium phosphate salts and therefore must play a role 
in the stabilization of mineral-solute interactions in 
oral fluid. In addition, HRP is a potent inhibitor of 
Candida al^cana germination and therefore may be a 
significant component of the antimicrobial host defense 
system in the oral cavity. 



The acquired enamel pellicle is a proteinaceous structure 
on tooth surfaces between the outer enamel surface and inner 
microbial layer, which is thought to control the mineral so- 
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ance with 18 U.S.C. Section 1734 solely to indicate this fact. 



lution dynamics of enamel and exert selectivity on initial 
bacterial colonization (1). Human parotid saliva contains a 
group of anionic proteins which exhibit an unexpectedly high 
afiinity for hydroxyapatite surfaces and which are implicated 
in the formation of the acquired enamel pellicle (2-5). The 
principal proteins which demonstrate this selective adsorption 
to hydroxyapatite surfaces are the fotir major anionic proline- 
rich proteins (PRPb^), the proline- and tyrosine-rich polypep- 
tide statherin, and the neutral histidine-rich polypeptide 
(HRP) (6). The primaiy structures of the major anionic PRPs 
and statherin have been determined (7-10). These proteins 
are major salivary constituents (11-13), each contains two 
phosphoserine residues, and all are acidic with pi values 
ranging from 4.09 to 4.71 (II, 12). An unusual feature of the 
primary structures of these salivary components is the fact 
that most of their negatively charged amino acid residues, 
such as aspartic acid, glutamic acid, and phosphoserine, are 
contained almost exclusively within the amino-terminal re- 
gion. 

In addition to their role as pellicle precursors, these acidic 
salivary proteins and peptides are inhibitors of calcium phos- 
phate precipitation &om solutions supersaturated with re- 
spect to hydroxyapatite (2). The functional characteristics of 
the major anionic PRPs and statherin are incompletely under- 
stood at the molecular level. It is known, however; that the 
strongly negatively charged amino-terminal segment, partic- 
ularly the phosphate groups, is important for this process (2). 

HRP is similar to the PRPs and statherin by virtue of its 
high affinity for hydroxyapatite, but differs markedly in 
amino acid composition in that it contains only 1 residue of 
proline, has a pi of 7.0, and is the smallest known pellicle 
precursor protein (13). In addition to the neutral HRP, human 
parotid secretion also contains a group of basic histidine-rich 
proteins (with pi values greater than 9.5) which were at one 
time considered to be similar to histones (14) but were later 
shown to be intrinsic salivary components (15). Studies have 
shown that these basic HRPs exhibit a genetic polymorphism 
(16) and inhibit the growth of Candida albicans (17). The 
structural and functional relationship between-the neutral 
and basic histidine-rich polypeptides has not been established. 

The present investigation describes the isolation, charac- 
terization, amino acid sequence, and functional properties of 
the neutral HRP from human parotid saliva. 



* The abbreviations used are: PRP. proline-rich protein(a); HRP, 
histidine-rich polypeptide; PTH, phenylthiohydantoin. 
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Neutral Histidine-rich Polypeptide from Human Parotid Secretion 

1 5 10 15 



20 



Asp-Pae-His-Glu-Lys-Arg-Hls-Hls-Gly-Tyr-Arg-Arg-Lys-Phe-His-Glu-Lys-Hls-Hls-Ser 



-T-1- 



-T-2. 



.T-3- 



-SA-1- 



Fig. 1. Amino acid sequence of 
HRP. Designations are: T, tryptic pep- 
tides; SA, S, aureus V8 protease pep- 
tides; automated Edman degradation 

of intact HRP; -i-, sequence obtained by 21 25 30 -^»^aa«^ 

ca^xypeptid^seA^gestion. Hls-Arg-Clu-Phe-Pro-Phe-Tyr-Gly-Asp-iyr-Gly-Scr-Aan-Tyr-Leu-^^ 

' ^ ^ H T-5- 



T-4- 
-SA-2- 



35 



38 



SA-2- 



-SA-3- 



-SA-4- 



EXPERIMENTAL PROCEDURES AND RESULTS* 
DISCUSSION 

Of the major salivary components strongly implicated in 
the formation of the acquired enamel pellicle, HRP is the last 
to be fully characterized. This is due in part to difficulties 
encountered in isolating this polypeptide (13) which are at- 
tributable to several unique properties so far not observed 
with other salivary proteins and peptides. Specifically, HRP 
displays a consistent streaking pattern on disc gel electro- 
phoretograms, displays an increasing resistance to solubili- 
zation from the lyophilized state at increasing degrees of 
purity, and displays anomalous chromatographic behavior on 
ion-exchange resins. 

It seems likely that HRP aggregation gives rise to the 
streaking pattern on disc gels and that the solubility of HRP 
is facilitated by the presence of other proteins in salivary 
secretions. The aberrant chromatographic behavior of HRP 
is illustrated by the fact that this polypeptide essentially 
coelutes with statherin from DEAE-Sepbadex A-25, but is 
almost completely resolved from statherin on Tris-Acryl M- 
DEAE (see Figs. 2 and 3 and "Results"). Since the functional 
group of these two anion exchangers is the same, the observed 
differences in affinity of HRP must be related to different 
interactions of the polypeptide with the two matrices. In 
addition, it should be noted that the pi of HRP is 7.0 (13) 
and the pi of statherin is 4.2 (12), Polypeptides of similar size 
differing in pi by 2.8 pH units should be well resolved from 
each other by ion-exchange chromatography, but such sepa- 
ration was not observed on either anion- or cation-exchange 
supports (see Figs. 2 and 3 and ''Results'*). 

The primary structure of HRP was established by auto- 
mated Edman degradation of the polypeptide, tryptic and S, 
aureus V8 protease peptides, and by digestion with carboxy- 
peptidase A (Fig. 1). These data provide the first complete 
amino acid sequence of a histidine-rich polypeptide in himian 
salivary secretions. Several problems were encountered in 
determining this amino acid sequence. The first two attempts 
to sequence intact HRP resulted in large carry-overs begin- 
ning at cycle 1 (results not ^ven). We have previously ob- 
served large carry-overs at cycles following phosphosenne 
residues (30) and found that this could be eliminated by 
performing double coupling and double cleavage at phospho- 
seri ne residues (30). Again, this problem was corrected^ 
double coupling and double cleaving at the first two cycles of 



' Portions of this paper (including "Experimental PTOcedures,** 
"Results," Tables I-V, and Figs. 2-4) are presented in miniprint.at. 
the end of this paper. Miniprint is easily read with the aid of a 
standard magnifying glass. FuU size photocopies are available from 
the Journal of Biological Chemistry. 9650 RockvUle Pike, Bethesda. 
MD 20814. Request Document No. 85M-1706. cite the authors, and 
include a check or money order for $6.00 per set of photocopies. Full 
size photocopies are also included in the microfilm edition of the 
. Journal that is avaUable from Waverly Press. 



HRP (phosphosenne occurs at residue 2). This procedure may 
have broader application in the realm of sequence analysis of 
other phosphoproteins. 

A search for sequence homology between HRP and protein 
sequences m the National Biomedical Research Foundation 
Data Bank using the IFIND program showed that the se- 
quence of HRP is not related to the sequence of any known 
protein. Analysis of the primary structure by the Kyte and 
Doolittle (27) method indicated a minimal degree of hydrop- 
athy and predicted that the entire polypeptide chain is hydro- 
philic. Chou-Fasman analysis of HRP predicted two short 
segments of a-helix (residues 2-7 and 12-19), two short 
segments of ^-pleated sheet (residues 26-29 and 35-38), and 
three reverse turns (residues 8-11, 20-23. and 31-34). These 
data suggest a high degree of ordered structure in HRP. 

HRP is a potent inhibitor of crystal growth (see Table IV 
and ^'Results") which is consistent with its high affinity for 
hydroxyapatite surfaces (2). Both PRPs and statherin contain 
2 phosphoserine residues, and enzymatic removal of the 2 
vicinal phosphate moieties (residues 2 and 3) from the highly 
active amino-tenninal tryptic hexapeptide of statherin and 
the 2 phosphates (residues 8 and 22) from the 30-residue 
amino-tenninal tryptic peptides of the PRPs reduced inhibi- 
tory activity 60- and 100-fold, respectively (2, 5). HRP is 
imique in that it is the only known inhibitor of crystal growth 
which contains 1 phosphoserine residue. The availability of 
this protein will provide an additional opportunity to examine 
the molecular mechanism of crystal growth inhibition. 
HRP was found to inhibit the germination of C. oZbicons i/i 

Ultra (see Table V and "Results"). It is weU known that certain 
cationic proteins and peptides display microbicidal activity. 
These include lysozyme (31, 32), permeability factors (33), 
chymotrypsin-like protein (34). and lysosomal cationic pro- 
teins (35). More recently, the cationic peptides MCP-1 and 
MCP-2 from rabbit lung macrophages (36) and NP-1, NP-2, 
NP-3a, NP-3b. NP-4. and NP-5 from rabbit peritoneal neu- 
trophils (37) have been shown to kill C albicans in vitro. The 
primary structure of these cationic peptides has been deter- 
mined, and all are comprised of 32-34 amino acid residues, 
enriched with respect to cysteine and arginine, and display a 
high degree of sequence homology (38, 39). The primary 
structure of HRP and the cationic peptides is quite different. 
In HRP. cysteine is absent, the predominant amino acid is 
histidine rather than arginine, and 1 phosphoserine occurs. 
On the other hand, HRP is simUar in size to the cationic 
peptides and also exhibits anti-Candida activity. The biolog- 
ical activity of HRP differs from that of the aforementioned 
peptides in that it inhibits C. albicans germination but does 
not kill in this assay. This is significant because germination 
optimizes adherance of C. albicans to oral mucous membranes 
(40, 41). Consequently, inhibition of germination would pre- 
vent colonization in the oral cavity. This is consistent with 
the observation that C. albicans can be cultured from oral 
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fluid of most individuals, while candidosis in healthy individ- 
uals is rare. 

The HRP characterized in this study is not the only histi- 
dine-rich polypeptide in human parotid secretion with anti- 
fungal activity. A family of closely related cationic HHPs with 
pi values greater than 9.5 (42) have been described (43, 44). 
The individual components have not been isolated and puri- 
fied to homogeneity and, therefore, could be only partially 
characterized. The amino acid composition of this group of 
basic HRPs (43, 44) resembles that of the neutral HRP, and 
the unresolved mixture of basic HRPs exhibits fungistatic 
and fungicidal activity in vitro (17). Partial sequence analyses ^ 
have been performed on partially resolved mixtures of basic 
HRPs, and although the results are difficult to interpret (42), 
they indicate that there is some sequence similarity with the 
neutral HRP. Earlier work indicated that the basic HRPs 
display a genetic polymorphism (16), as was found for the 
human anionic PRPs (45). The precise relationship between 
the neutral and basic HRPs has not yet been established. 
However, it is possible that a structiural relationship exists 
similar to that identified for anionic (8, 9) and cationic pro- 
line-rich proteins (46, 47). 

Acknowled^ments—Vfe wish to thank Dr. D. I. Hay, Forsyth Dental 
Center, for performing the inhibition of calcium phosphate precipi- 
tation and crystal growth assays on HRP, George Crombxe for per- 
forming anuno acid analyses, and Frederica MacMiUan for expert 
technical assistance. 
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SUmiXEMtUT KATUIAL tOt 

lb* rrlMty Straeciin tad PttaetloaU Charaetcrliscleo «f ttm ■racral BS*tUiM-Ucb rolr^ 
fptlim fCM Btaas taceUd UenclMb 

■r rrsift G, OppanteU, nicfapChu Tang. Uehard h DtMo^. Dnld ^lep, 
CtrpuMCh Ol Of (oar Md tobatrc r. ItramUr 



C«rbez7pepcldM« A purebM«d fre« SXgM. e»cb«rlchl« coll alk«liD« pbosptMitM* *oA 
L-l-tM7l»s«ld0-2-p>WD7lethrl chloroncb^l kxCOM-crrpsia wctT^Cktoe^ froa Wercblnfcoa. 
«Bd S. mrmt* proctaM »«• obcaiasd froa Mllca Ubor«taxl«*. Btnua Mr«« «ibaata 
parcbaaad froa CalbloOMS *od va* froa aocbrtBC'r-NasiilMla. QEAl-Saphada A-2S 

vaa froa rturaaela tad tlo-C«l P-2» P>«, csd Cll*Uo C«l A w«ra froa MoRad. TUSAOtTL 

K DSA£ warn purchaaad (roa LD. Saquaaatet cAaaicala wars purchaMd froa B«ckaaa laatnr* 
»«nta aad lurdick aad iackaoa. Parotid aallva vaa collactad >*ltlt ctw aid of a Carlooo- 
Crlctti^ea davlca M daaerlkad pravlaaair (18). a i-aeld tlfcoftacain vaa • gift at Or. K. 
Sfthatd. Boacea Oalvaratty School al Ma41clM. 

laolataa of 1 



Machod T^Peolad tauaatf parotid •«U*a waa dlalyiad aad Irephlllsad. Thro* graaa of 
chla aacariai va« fraetlooaCad on OZAt-Sa^tadas A-29 a^lllbratad «rltb Mi H Trla-SCl. 
0.025 N NaCl. pB 6.0. aad waa devalopad wltb a llaaar laCl (radlaat (O.02>-1.3 M) la tba 
•aaM boffaf. VractleBa aarlchad lo &B7 wara poolad. daaaltad oa Blo-€cl P-2. aad chroaaCo- 
fr«pha4 a* CN >lo-Cal A aqullLbratad «lcb 0.025 M aediua acacact. 0.02S N ««C1. pB S.O. 
aad daralopad *ldi a llwar talc fradlcns (0.02)-ae H> lo cba saaa boffar. riaal partfl- 
cat loo of Bxr waa achlarad bf fal fUt ration oa llo-Ccl r>-A (200-400 aaab) eqolUbratad la 
•ad da«alopad wlcb CUM H assbalua bicarbooata, pB lA. 

Natbod 2. Ibraa |ra«« af teaaa parotid aall«a procals waa chrDsatosraphad oa Z8X8ACI11. 
H DSAI aqaiUbratad la 0105 H Tria^l. 01025 M RaCl, pS aad daaalopad alcll a llaeac 

aaCl iradlaat (0.025*0.75 H> la cba laaa baf far. Practtoaa aoricbad la BtP mro pooled, 
daaaltad oo Ue-€al r>2. aad ehroaatofrapbad ea Uo-Cal (200-AOO aaah) aqaillbrakatf 
aad davalopad altb OiCS H aaaoaiaa blcarboaaca, pB tJL 

Cloztoa proCllaa of ladlvldoal cbroaatofTaaa aaia aoattorad by caatlwooa abaovbaaca 
aaaaaraMata at 227 ar 230 aa, allquota of ealaaa fraeclaaa «ara aaaalaad by dtae gal 
alactrepboraala (aaa balaa). aad eeattaaoao ceadactlvlcy aaaaaraaaota vara aada wfaaa 
padlaota wara aaplayad. 

Alaa Acid Aaalyala 

Vrotala a^'j^pttda aaaplta wara brdrolyaad lO 0.S al of « I BCl ac I10*C for 14 
bwua la a^acaacad tabaa. Aaloo add aaalraaa ware pacferaad ea either a leckaaa 119 CL 
or lackaaa Syacaa 6300 aalao add aaalyser aalnf a oaa ealoaa aretaa. 

Cal Ilaccropbotaala 

Celuaa fractloM war* aaaalaad alactropboraClcallr daaerlbad (IS) la 7.S Z polp- 
acrylaolda gala laclwdlaf oaa of a atacblas g*l aecordtag to Davla (19). C«le vera 
acalMd vieh a.S t AaMa llaek la 7 Z acecie add or vitb the partodU add-SchlfC caa|«BC 
(20). 

Pboaphata Pataralnatloa 

tJabouoti Uraa) pboaphaca la BU and darlvad paptldaa waa aaasorad by the Batbo4 of 
Allaa (21) by raftraoca to a ataodard conra. Cavalaatly boood pheapbara vaa dataraiaad aa 
daaerlbad by Svaaborg aad S«aaaarbol» (22) vitb tbe pboapbaprecda acaedarda. pepela aad 
n» I. which eaetalB aaa a^ two ael of bavad phaephe t e/ael. reepaeclvely (B, »>. 

Carbo a ypo p tldaaa A 

CarboxypaptTdaaa A dlgaactoa of Blp (130 bboI) vaa pa rf or aad la aL02 ■ »-acbylaorphe- 
llaa acatata buffer. pB at aa aoayaa to awbacrate ratio of UtOO. Tba 1.0 al raac 
tloa alxtara vaa tocubatad at rooa Caaperatara. Ol2 al allqnoca wara raaovod after 0. 5. 
30, aad 60 ala, boUad, lyophlUaad, aid the raaldaaa dlaaolvad la 0^1 M OCX aad aobjac 
ted to aAloo add aaalfala. 
I. cel l A lkaUoa Pbaephateaa 

UP (80 aaol) wae 4iaaelved la 3.0 al of 1.0 N Tria-BCl, pi B.O. aad laciitec«4 vlth 

2.8 adta of aasyao far 60 mla at 2S^ oa a coCatlog pletfan. Tbe react tao almure «ae 



applied directly to Blv<el M aad tba prodact eabjected to aatoaatad Bdaaa da«Tadatlo^ 



USULTS 

Uolattoa •f HB>. 

Method I. Tba alatloa profile of iaiaaa parotid aallva protalo froa OUI-Sapbadcx i^35 
ra-vaala that BftP la a aajer caopenaat which alataa with atatharlo bacweaa 550-600 mX^ HaCl 
(r&g. 2A). Partial aeparatloa at BKF aad atatbarla waa aehl«««d hj cadoa ezchaage chroao' 
tesrapby oa CH 81o-Cel A (ftg. 2B). Aaalyaia at Iraceloaa by dlac gal aleetrephoraala 
•howa that acatbcrla aad RSP are oec coaptataly aaparatad «a cvldiacad by apraadti^ aad 
peztlal evarlapplog of both protalaa over a ragloa coeprlalag 9*10 traecloaa* A olnor 
ceapoaeat with ao alaecrophorctlc woblllty lataraedlate betweea BMf aod acatbarla vaa 
obearvad. Statharlo aad the alaor coapaaaat wera adaqaataly aaparatcd froa BKF hj gal 
flltratloo oa Blo-C«S (fig. 2C). Tba yield of R&P ualag HaChod 1 vaa approdaataly U 
ag/l g of faumaa parotid aallva protata. 

Hetbed 2. Tba alodoo profile of 3 g of bueao parotid aallwa ptotaln froa TUSAOtrL H 
Q£Aa (Pig. 3A) waa. owarall, alallar to Chat froa DZAt Bapbadax A-25 (Fig. 2A). A aajor 
difference, bovercr. !■ tbe caaplaCa Mparatlao of tOJ froa atatharlQ oa TtZSACZTL K OCAB 
(rig. 3A), which did BOt eeear oa OtAI Stphadea A-25 (Fig. 2A). BIP recovarad froa pooled 
er«ctleoe waa eeparatad free aevaral addttlaoal CMpoaeate by gal flltretleo oa Blo-Cel P- ' 
« <Flg. IB). The yield of p«rlfUd B9P aalDg Method X wae eppreaiaacoly 9.8 ag/3 g of 
haaaa parotid aallva pretelAi 

Vblle both Hetbed 1 aad 2 jMitd blghly perlf lad BKF, the a e ^ i«e detaralaaClen aad 
fofxeiooal ■cadtaa deacrtb«d below ware earrlad oot prleerlly with aaterlal derived by 
Method 1. Method 1 eoealacaotly provided BU of a high degree of perlty. whareaa Method 2, 
which le oaly a 2 atap procadata, did eat alvaya yield pore BBP. The deta lo Fig. 2 aod 3 
ladlcate that optlaal aad cooelateat laelatlea of StF eeuld be achieved by a 3 atap 
ebreaatogrepble procedara veleg TKtSMCtTL M OCAI, CH Blo-Cel A, aad Blv-Gal P-«. 



(100 aaol) vee dleaolved la l.O al of 0.0S K aaaooioa Ueatbonata. pB 8.0. aod 
dlgaetad with trypalaac aa aasyae to au^treia ratio of IxSO for 4 b «c 37*0. A aaeand 
e^alvaleat allqaot af easysa «ae thea added, ead the raectlea ellewed to proceed far a 
farther A h. The reaetloa ecopped by bolllag. aad the dlgaet applied dlraeCly to a 
llo-C«l P-4 colaaa aqalltbrated aad developed with 0.03 N aaaoaloa blcarbeaata. 

S. aareae TB Protaaae 

BaV (I'O naoD'waa dlaaelvad lo 1.0 al of 0.05 M aaaaaloa blcarbeaata aod dlgeeted 
with S. aurawa Tfl protaaaa at aa aaiyaa to aabetrata ratio of 1:50 at 37* C for IB h. The 
reaccloa waa teralaatad by bolllag aad the dlgeet appUed directly to a Bi«-Cel F-4 eeXoM 
eqelllbratad la aad deMlopad with OjOJ H aaaealita blcarbeaata. 

Attteaated Bdaaa BeiradaCloa 

\ai 4ariva4 peptldae were eabjeecad ta eaCoaatad atepvleo defradaklea oa a 
Beckaao S90C aequeoear etalpped with e cold trap oatag prograa Mo. 121078 ea deaerlbed 
pnvioaoly (18). PfB^aalao edda were Idaatlfied by high praeoere ll«*ld chxoMta«raphy 

(24). 

Sttoctaral Bveloatlea 

'Am aaiae »cU Mtueaeo of RIF vaa aaalyaad for predicted aecoadary atroctera by tha 
Cfaaa-Faaaaa aethod (23. 26). Tta aeqaeaea vae aaalyted for hydrepaChUlty by the aethod of 
Kyte aad Doollttle (27) end waa eoapared to the protela aaqaeacea ceatalaed la the 
■etloaal Bioaedlcal laoaercb reuadetioa date baak aslof pregraaa obtalaad fvea ZataUi* 
geaetlce, lac (Palo Alto. C*). 

llolealcal Activity 

S. lakibltlra of Caldwa Pbeapbata Freeipltatlan. lha activity af m la the aaaay 

■aaaarlt^ lahlbltlao «f calelea pboaphata preelpiutloe froa auperaatoratad oolotloaa aad 
la tba aaaay oeaawrlag lahlbltlao af bydroayapatlte eryatal growth waa deteralaed aa 
deacrtbed by Bay (2). 

B. labiblCloa «f Gereiaatioo and P^ogicldal Activity of KIF oa Candida albleaaa. d 
alhleaaa (atrda B-3II) waa edatdoed on Saboaraud'a a«r alaata at 30" C aod before oae. 
eeiia'ware grova la the aaae eadlaa vtchoat agar for 18-24 b at 30" C. Tba calla wera 
hervaeted by cottrliagatloa, waahed three tiaaa with 0a5 H MaCl at k°C, and aatpendad lo 
30 aM potaaatoa pboaphata boffar. pB 6.8. to a call deaalty of 10^ celle/al. fttaaa aema 
alboaln. aa whltt lyaosyae, etatherlo, other tall vary protele fradloaa or pari fled BtF 
ware addad to 1 al cell ■oopeaalooa at protela eoacaatracloaa -raeglag froa -OiOOl*- 
iJt ag/al. Altar tacubetloa for 1 b at roaa taaparatura. Cubee wore divided late two aeta. 
oaa for tbe cerelaetloa lahlbltlao aaaay aaS oae for the viability ataay. In the garaina- 
doe aaaay. glacoaa (10 ag/lOOal) and buaaa tarva (20Z v/v) ware addad to Idtiata garal' 
natloo aad Che twbea were lactibatad for 0,5 to * b at 37*C. At lattrvali. all^oota vara 
raaovad aod the pereastaga of garolnatlag blaataoporee wara detaraiaed aleraacapleaUy. lo 
Cba Tlahlllty aaaay. allquota cf caU auapeoaloaa prevlooaly lacebated with teet protda* 
ware raaoved and the parcactage of kUled eella dataraiaad atcroaceplcaUy oalag tbe vital 
atdoa acrldtae orat«a (1.4 ag/dl) (28) aad aathyleoa blue (250 ag/dl) (29). 



Aaloo Add 



Coopeaittoo. Aaloo add aaalyala of BBF ahoved that S5t of the polypeptide 
aed oi tho four aalne adda. Bla (IBX). Tyr (13Z), Aaa (131) and Arg (IIZ). 



chaia le coaprlaed ( . 

aad lacka Thr. Ala. Vol. Cya. Koc. and lla (Tabla I). The preaeaca of oaly 3 raalduaa of 
Fb« and I reeldtM of Lee lodleaca.a aloot coatrlbotlea of hydrophobic aslao aclda. Mldaea 
aalaeolar weight eeapatetioo baaed ea 4.0 reeldaee of ergldao/ael rcaalted la a walae of 
4fr7S e^ • tatU of 37 ealaa add realdaaa. 

Catbobydrata Aadyaia. It vaa coadoded that BBF locked earbobydrata becaeee (a) aa 
aaloo Bwgara ware detected by aaloo acid aaalyala aad (b) altar dlee gel alectrophoreeta 
(240 ug HBP/gel), iw ooter raactloa waa obeerwed vitb the periodic add-Schlff at da onder 
eoedltloaa where the eoatrol gel eoatalatog a |-aeld glycopratelo (70 og/gel) geve ao 



Aaloo Add Segueeeai. Tbe aalao add aequeaee of MBP le glveo In yig. t (Macwoaloa). 
Saqaaatid dagradatioa of BIF eatabllahad the ae^nce to raaldue 25 with tve blaaka at 
raaidoa 2 and 20 (Table II). BBF vae dlgaeted with Crypala ead tba raadclog peptldea were 
fcaetlooated oa Bio-Gal P-A (Fig. 4A). Sloce the flret alatiog peak contained oore than 
oaa coaponest. tbe aatarld la pooled fractiaaa froa thia peak waa recovered by lyophlll- 
aatioa aod cbroaatographed on lle-Cal P-6 (Pig. 4B). The aalao acid ceapoattlooa aad 
aa^ueacee of tryptlc paptldaa are glvaa ta Table I and II. reapeetlvely. Peptldea T-t 
(reaidae 1-4). T-la (reeldae t-5), T-l (raaldoe 7«ll). T-3 (rceldoa 13-17) end T-4 (real- 
dtse 18-22) eoeld be aligned becaaae they were contdaad vlthla the ealoe-taralnal aeq u eaca 
a« Che polypeptide (Fig. 1 - Olacuaaloa). Beaidoe 2 and 20. oot aeea daring aaqaeatlal 
dagradatioa of HKF wore idaetiflad as followas laaldua 2 wee tentacivdy Ideatlflad aa 
aarloa bccawae e olooca aaotiot of FIS-aarlaa waa datectad at cycle 2 of T-1. Tblo reaidue 
waa aobee^oeatly •bewo Co be pboapbeaarloe (aee below), leeldoe 20 waa poaltlwaly Identi- 
fied ae aerloe beceeoe PTH-aerlne waa datccted at cyde 3 of T'4. T-5 (realdoe 23-38) vaa 
identified ae the cerbexyl-ceralaal tcypcie peptide beeaaee It lached ergldae end lyaloa. 
The ecqaaece of T-5 pravided a 3-realdaa overlap with tba aalao-caralaal aeqoaace of the 
pKOtala aad eatahllahed the aaqaence of HBP to tha earbeayt teralona. 

BBF vaa dlgaeted vlth S. anrewa VB proteaae ead tba reealtlng pepCldee frectloneted 
OD Bl«-Cel P-4 (Fig. ««. P^^ttdea SJ^l (reeidee 1-4), SA-2 (reeldae 17-23). SA-3 (raolAie 
26-31) and lA-4 (reaidae 32-38) vote racovared froa pooled f ractioae aad aubjactad to 
aaloo add andyaia (Tabla 1) aad eotoaaccd Edaan degredatlao (TabU II). the S. wewe V8 
pceteeee peptide eoatalalag raalduaa 5-16 vaa oot found. Seqoeatld degradacloa of S4-I 
ravealad that eycU 2 eeotdaed e alaata ^oaaCity of FI»«aclae (raaldae 2 of MBF). Ihirlag 
eaqaeatlol degradatlaa of SA-2. FtB-aarlae vaa ebaerved at cycle 4 (reaidae 20 ef MBF).- 
which coaflraed Idaatlf icatloa af thla reeldae la T-^ Sfr-J taaolted froa Che oaeapectad 
cleavage of e Pre-Phe (raaldae 25. 26) paptlde bood ead SA-4 reealted free aparlaaa 
claavaga of a Cly-Ser (reaidue 31. 32) peptide bood. Tbe ee^uaacea ef S4-I. 84^2. 34-3 and 
lArA provided idaatlf Icecioa of cartaia raalduaa aeea prevloaely la the aalaa-teralaal 
eo^oeace of KBF and la the ae^eoeea ef tryptlc pcpCldee, 

Two oaeapeeted eleavegae wart abaerv«4 ohea BBF wee dlgeeted with S. ewreoa T8 
preteaaa. SA3 aad S4A oraaa froa claavaga of Pro-Fhe aad Gly««ar peptide booda. raapac- 
clvaly. vbereao SAI aad SA2 araaa froa Cba predicted cleevege oo tbe carboxyl aide ef 
glatealc ectd realdaaa. Wa have prevleoaly aaad tbie eosyiw la protela aoqaeaee detaralaa- 
tloaa bat have never obeervad tha aaa-apoeiflc deavagea aeatloaad abowa. 

Carbosypepcidaae A dlgeatloo of HBP provided tha ae^aeoee, -iaa-iyr-Aap-Aaa-OOOH, 
which coaflraed the eatbaayl taralod M^aea aeea prevleoaly lo T-5 ead 8A-4. 

Pboaphata PeCetalnetlea. rboaphaCa analyaea lodlcatcd that BBP coetaina one eol of 
beoad phaaphato per aai of prateie (Table lU). IbeepheCe eodyeea ladlcated T-1 (raaldue 
1-6) eoatdaad 9.U ad boaod phoophete/aol, whoraaa the valoe obcaiaed for T-4 (reaidue 
10-22) wao oaly 0.13 aol baaed pboephata/aol. The latter vatua wee caoalderad iaalgnifl- 
eaat baeaoaa it wee vlthla Che range ef error of the aethod. For eaeaple esperlaeatal 
valoae for pepalo and PKP 1 were IM and 2.13 ad beeod pboephete/aol ead theee pvecaloa 
coatain I aod 2 ool of boaad pboapbata, r«ap«cclwely. Collactlvely the reavlta of pboa- 
pbata andyaaa (Tabla III) aad ae^ueodog data (Table It) poeltively ideatifled raaldue 2 
of BBP aa ptaoaphoaerlea. It la poaalhle aerloe at reeldue 20 (or reeidue 32) aay have been 
depbaapboryUted darlQg laoUtloo. altheo^ prefereadel reaoval of pbaaphate greupe froa 
Tealdoo 20 or raeldaa 32. bat aet froa faaldua 2, eeeae oollbaly. 

BtdoKicel Activity, 

X. Hl^ iMc'iva IB cbe aaaay which eeaaoree lahlbltlen of the apootaoeoae precl* 

plcetlea ef celelua phoapbaie aalta free auperaataraced aotetloaa bat active lo the 
cryatd growth aaaay (Tabla IV). la the latter aaaay. tha HKF coaeaotratioo et which 50 Z 
lahlbttloa waa obeetvod. wea US uH. BBF la therefore acre active then tbe FBPa for which 
the 30Z l^bltloa velaaa ra(«e froa 2.5 to 11.8 uH (2) bat coaeMarebly leea eetiva then 
etatberta far which tba 50 X Inblbitloa vdoa la Ql3 oM (2). 

B. The affacta of HBP la cbe aaaaya aeaaorlng Inblbitloa of blaatoepore gerainacloa 
aod viability of C. albtcao* are ttiowo In Table V. Tbe data ehew that BBF la e peCeoi 
iidiibltar of garainaclea alnca 501 and 80X indblclan wae aboerved at the ceacantratlene 
of 0.002 ag/al (0.4 uB) and OUXW eg/al (1.6 uM). raapaetlvely. The ateodard taat protata, 
lyaoxyaa gave a 201 Inblbitloa valua at 1 ag/al (83 oM). Tbioa. at tba eeocanCTatloea 
taotad. MBF la 50-100 tloaa aerc active cbaa lyaoayoe. BBP vaa laaeclva lo cbe viability 
aaaay under the caadUlana aopleycd aabla »). It la aotaworthy that etathatln vaa Inac- 
tive lo both cbe garaioacieo aad vlabtllty aaaay*. Since eatloaic proceloa aad peptldea of 
^botb aellvary aod ooo-aaltvary erlglo have bcea above to enhiblt alcroblddal-aetlvicy- 
(eee Olacoaalon). cbe precaloa not ratalaad at pO 8wO ea DBAS Scpbadea A-29 (freecioaa 8- 
27; rig. ZA) wara taitad la both aaaeya to ptobe for aBtl-Caodida activity. Oaaplte tbe 
fact chat ctMM ooD-ratdoad fraccioaa abaeld coatalM all caCloale aellvary proteiae, no 
atgatf leant accivUy could be dacacced evao at high eooceatretlena is either the geralaa- 
tloa lahibltteo or viability aaaay. 



Neutral Histidine-rich Polypeptide from Human Parotid Secretion 



1181 




FRACTION NUMBER 



nc«r« 2. iMluten •( ntP Mint Itetlie4 i. U) nutfaia pnsflU of pmntU mIIm prMaliM 
fTM a UAC S«9li«4«s cftlwan CL« s 93^ e«} «4alLlbTat*4 to 0,05 M Trl»-aCl. OLOIS H- 

lUCl. pa 8lO. ItM e»lw«a wm 4vr«le9ad «lUi • Al h IkCl' gradient ta ctw bufC«t u«lat 

■ft LU 11300 Oltrograd {ra^iaot ■tsar; Thm flow rat* w«* 30 Hl/k. IS ml f ractiM* ««r« 
callaetatf» and *baerbanc« tt%» *onlCora4 cMClnaously ac 230 as vlcli 4a LO 3L3A Ovlcortf S. 
Is cha cbro««tograptilc •eyacatloaa abowa la FlgMX« 2 aod 3. 0.2 ml alLqi^ota of m1«cc«4 
fractlaaa Mr* aaalysed alMtroplwrccteAily (■•• Nathed*}. Xa loa axchsog* ••M'Mlaos', 
oaly cb« ralavaat paccioo «( tba Mlt gradlaat la thowo. (daabad 11m). Tb« ««tarial 
nntAlmd la (ractloaa MKSS (bar) was daaaltad on Bi«-C«l t'l and cbTmaxagraHMd aa Cit 
Bie-C«l A. (I) clBCloa prafiu af parrlallr pMlflad HW trom « CH lle>Cal A ealMan <1.6 « 
c«) a^altUraead In 0.03S M aadlua acatata. 0.023 H NaCl. ptt 5.0. Tba calwan waa 
d«»«iop<d with a 24 h Had iradlaot ta tba aaaa batfar. Tba floif rata yaa IS al/h, \ ml 
tr«ccl««w war* calUccad, aad cba alnaCa waa unltarad aC 227 am. (C) Final porlfteacloa 
of ur. rcaetloaa (bar) from (B) vara aBbJaeCad ca gal fiilTat&aa la 3 aaparaca 

all4«Mt» oa a >Io-C«l r-« coluao (1.4k a 9* c«) a^ulltbratad In aad davalopcd wACh O.OS H 
aamaaloa blcarbaaaca. Tba (low rata «aa 13.2 al/b aad 4.4 mL fxaetlsaa aara eallactad. UP 
IQ rracttem il-y^ waa raeowarad by tyaphtltzaclAo. 




^10^ 20 

FRACTION NUMBER 

Plfur* 3. taeUtlaa of HU a«li« Nadwa 4. (4) UvtlM piofiia of patatt* tali** pcoKala 
froa a ntlSACXTL N OIAS eolaao (U s ea) aiaUlbtatad la OJOi H Trta-ICl, 0.02S H 
llaCI. pB S.0 aod dawalepad with a 3b b JlaCl gTadlaat. Tba- flow r«C« 36.6 al/h aod 
18.3 ol fracelooa wata csllactad. Otbar cbroaatotrapMc paraoaUrK waxa aa. daacrlbad la 
rigur* 2. (B) rinat purlflcaClea of BXf. Praatlaoa 32-34 (bar) frou (A) vara aub^actad ta 
gal riltratloo la 3 aaparatc all^ta ea a lloHl^al P<4 cttlwma.(l.« a 4«.5 ea) a^llbratad 
and davaXopad wltH OJOi N aaaealaa blcarboamta. Tba flaw rata waa 10;S-al/b aod 3.3 «1 
fTactloaa aata callaecad. Vtr la fraeuond 16-20 waa racMarad by iTopblllaatlaa. 
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Ptfuta 4. (A) Blvtloa prerila of crypclc papeldaa from a Bto-^1 P-* ealwma (1.5 a 
»4.S ea) a^lllbraead aod davalepad wltft aOS a aaaonlim blcarbooata. Tba- flow rata waa 
12.0 al/b aod 4.0 ml fractloea war* eollactad. P*pUd«* war* raeowarad froa peolad (rac- 
(laoa iDdlcatad by bara. (») faptldaa T-l and T-S coatalnad la tba llrat alwtlng P*ab froa 
(A) war* aaparatad eo a 41o-Cal P-6 eelttmn (1.4 a 91.3 cm) a^nlllbratad aad davelepcd wltb 
0105 M aomofUua blearbooar*. Tba (law rata waa bU) al/b and Z.0 al fraecloaa ware celiac- 
c*d. (C)) Praetlooatlao of S; aarawa »B protasa* papttdaa from a Bla-Col P-* eoluaa (1.6 a 
») ea) e.|i.lUbr*t*d aad daaalapcd witb a0> » aomaajam blcarboaat*. Tba flow rata w«a lOO 
~iil7b aad X3 al -froctlona war* caUaetad. Paptldca wara r*emr«d by lyapblUaaktoa f ra«- 
peolad (ractleaa aa ladlcatad by bara. 
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Tttlo 11. tatoucod Uma dofradatloe cif BV, ccTPCic mai S. tmnam VS 

I S 10 

Of i^M Aei4 Aap- X - ato- Qv- Lya- ixf BU- Ho-' Cly- Tyr- Art- Arf- Ly*- 
Ml f.2 3.7 7.6 S.Z S.7 2.4 2.9 3.3 3.0 3.0 1.3 3.1 



Urn- Bio- Glu- i.yf Bio- Bio- S - Bit- Arf aw PtM- Pro* 
3.1 2.4 t.S 2.3 2.3 1.7 l.« 0.1 1.0 0.« 2.0 



Toble XV. iDhibitlon ol ipostsMoao pr«el»lt«tteo oad errotol 
grtnrch lo Mlatloos ««p«ro«torac«d vlcb rMpact to 
eoldua ptaesphot* oolto b^r BIF, otottarlB ond PIPa. 
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a RH-terlvaClva peoltlvaly IdaoctfUd bat dbC qoawlutad. 
Tablo III. rtMMpbAto knalyalo af RBP.* 



' SPl to SPA eorrcapood Co protalna fro* <r«ccloaa 8-12. 13-17, 18-22 aad 
23-27 Croa ttaa tea ncbaafa scparotiaa aliawa la Ptgara 2A. Tbaoa f rae- 
tlom caoxda aoly partially roaalvod odlvacT pratatea. SPl U aarieliad 
wtUi aaylaaa a^ lyaesyaa, aad SP2 ta $P4 caotaia MllTarr glyeapratataa 
aad uaduraccarlud baalfi protalaa. 
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* Vdwao rapraaaat cba at 2 or aara datotviaattaoa.* 



